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This invention concerns of a new nethod for the Iﬁ“ﬂ Ilﬁmlwmﬁl

cells subpopul ation fromhuman dental follicle w i ke
antigenic characteristics, as well as of a nethod for*he expansi on t her eof
cul ture: The isol ated cel I's can be chéracterlz—ﬁ and stored in cell
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cytotypes; the use of isolated stemcytotype for cell therapies and/or

ti ssue engi neering on the donor itself or HLA-conpatible host, to
regenerate injuries of various aetiol ogy. BACKGROUND OF THE | NVENTI ON

15The chance tSUMMARY stemcells form human tissues today is

controversi al and much-di scussed. The definition itself of stemcell, a

cell able to s€hfs-ingemtiomndnckirhs ef amemamethadtordbe asdlatibe ofiafrfesy stem
cytotypes of the orgfanl smfromwhich it derives, does not fit wth the

ant i geni c ceMeisebprpulatien frtmhaman dentak folbitle withaetubryoniedikeedttigenip t o now
collectable in humans after 20 the birth. On the side of the
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More particularly, the 1nvention describes: 1) Isolation of stem cells
from periodontal follicular tissues from donor; their growth in vitro, in
* particular culture conditions able to allow the isolation of embryonic-like;
10 their banking in order to preserve the viability; their differentiation towards
different cytotypes; the use of isolated stem cytotype for cell therapies and/or
tissue engineering on the donor itself or HLA-compatible host, to regenerate
injuries of various aetiology. .

BACKGROUND OF THE INVENTION

15 The chance to isolate stem cells form human tissues today is
controversial and much-discussed. The definition itself of stem cell, a cell able
to lself-rene'w and differentiate towards all the different cytotypes of the
organism from which it derives, does not fit with the antigenic and functional
characteristics of the adult stem cells, up to now collectable in humans after

20  the birth. On the side of the “self-renewing”, actuafly, adult stem cells that
have been isolated up to now, do not display unlimited proliferation ability
and, on the other side, differentiation ability has been hardly overcome the
multipotency (the ability to differentiate in all the cytotypes that come from

the same germinal layer) or pluripotency (the ability to differentiate in the
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the same germinal layer) or pluripotency (the ability to differentiate in
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cytotypes that come from different germinal layers too), without reaching the
totipotency (the ability to differentiate in every cytotype); the latter is an
ability owned by zygote and by cells of the blastocyst, leading to the first
steps of human development. On the other hand, the chance to handle cells
5 collected from human embryos for therapeutic and research applications often
collides with technical, ethic and legal difficulties. For these reasons the
chance to isolate in adult humans undifferentiated cytotypes, represents not
only an interesting experimental model of cellular differentiation and for
cancer related. issues, but also an important therapeutic tool to cure tissue
10 degeneration-based diseases, causéd by quantitative and qualitative defects.

The stem cells are cytotypes characterized by:

1) unlimited self-renewal;

2) differentiation ability towards numerous cytotypes.

With respect to the prior art, represented by WO 03/066840 that

15 includes follicular cerotype, this invention shows the following differences:

1) Antigenic pattern and selection methods of the cells. WO 03/066840
does not disclose any selection, whereas the method of the invention
uses selection by cytofluorimetry of embryonic stem cells, through
antigens detection such as SSEA-4, TRA 1-60, TRA 1-81, CD133,

20 CD90, flk-1. In this way it is possible to obtain a homogeneous
population of embryohic cells. '

2) Culture methods, cellular proliferation and differentiation; actually
WO 03/066840 describes the techniques to collect a cellular population
that contains only in a small part adult stem elements, whereas the

25 selection method according to the present invention allows the
preparation of an homogeneous embryonic-like stem cells population.

SUMMARY OF THE INVENTION

The invention describes a method for isolating from the follicular sack a



cytotypes that come fromdifferent gerninaf | ayers too), w thout reaching
‘the totipotency (the ability to differentiate in every cytotype); the

| atter is an ability owned by zygote and by cells of the blastocyst,

| eading to the first steps of human devel opnent. On the other hand, the
chance to handle cells 5 collected from hgman enbryos for therapeutic and
research applications often collides with technical, ethic and | egal
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Detailed description of the invention

The invention concerns a method for the isolation of a new cytotype of
15  embryonic stem cells collected from human adults, in particular a method for
the isolation of these cells, including the collection thereof from follicular

sack.

The dental follicle, as the tissue complex that embraces the tooth during

its formation before the eruption, represents a priviléged source of
20 undifferentiated cells due to two reasons:

1) Each tooth, both permanent and deciduous; represents an
incomplete organ at the birth. It brings in its development site
undifferentiated cells that, after proliferation, will become
(_)dontogenic cells. The émbryonic origin, from the neural crests,

25 | expllains their immaturity. At the end of odontogenesis too, these
| undifferentiated cell remain in loco up to the eruption, within the
follicle, because they will become the future celis of périodontium

and root apexes that develop after the eruption. It is now certain the



new non- haemat opoi etic, mesenchymal stem subpopul ation, herein after
referred to as FENC (Fol licle-derived Enbryonic Neural Crest stemcells),
by neans of FACsorting selection, after suitable staining with specific
anti bodi es. The invention also provides culture and proliferation nethods
of FENC. 5 The cells obtainable by the neghod of the invention are able to
. differentiate in all the tissues fromthe -three germnal |ayer, thus
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enbryoni c ste I'l's collected from human adults, 1n pa | ar a net hod
for the isolationagfwdlnasavieieh!High irdGb betweerd H8dTRreREAlcAstEMESAR arfd oM
follicular sack. The dental follicle, as the tissue conplex that
enbraces the toot kolleciedgidssus viohirme! The tRsi®sscrifice forutemasel]l celéiant s a
privileged source of 20 undifferentiated cells due to two reasons: 1) Each
t oot h, both permanenhimmil dewadsouhe extpacttantof tre iwisdomal edeth oisgseryat t he
birth., It brings inits developnent site undifferentiated cells that, after
proliferation, wi lffequenbard sequiresyythei ellvetion. ofTthe folliculansackorThy stemf r om
the neural crests, 25 explains their inmaturity. At the end of

odont ogenesi s t ooCellpeskavingi femehiyanicat epragleristiesrmioRtained odtpmp these he
eruption, within the follicle, because they w || beco the futyre cells of
peri odnti um and PRJOBIH xEAMPIRAL C@BvEPoff"&?‘iMef}mtFféeé&t?ﬂptapgn?uicﬂog%u%ow
certain the presence of.adult stemcells within periodontal |iganent _
(G onthos, Lancet %ﬁﬁ?‘,‘tl%ﬁﬂp]\}\faﬂﬂ“ﬁ'the dental pulp (Gronthos, PNAS 2000;
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sacrifice Tor “stem c on i's mni because the extracti on of the

wi sdom teeth i Srhveeriywéﬁﬁayeg}%%és I eoui fhes e anld ekl qg?miohheofﬁ ol i cul ar

sack. The stemcells, havin ryoni ¢ characteristics obtalned fromthese
10 biigl odidiabgeirmnk esell Gpubfisd GVRH éMbryRineadtdradteisabé o680 Waman

t her apeuti c applications. These cel I's derive from neuro-ectoderm and
express diddudisentiation ability in the cytotypes originated fromthis
| ayer. The invention provides for the first tine the isolation of

an 15 honogenediss celategyoprdsanhisothese taidventaggaini x lowansasieei sirgery withm human
_adul ts local "anaesthesia; 2) low morbidity of the site; 3) high-clonogenic
mesenchymal culture, due to the 'absencé of hematopoietic fraction;
20  4) isolation of embryonic cells from human adults.

Obtaining of FENCs — the stem cells obtained from follicular sack
directly derive from mesenchymal cells originated in the neural crests during
organogenesis. Their origin explains their plasticity. To isolate stem cells
from the follicular sack, the latter must be intact with no communication with

25 the oral cavity.
The patient, during the week before the surgery, must follow a suitable

oral hygiene protocol, e.g. rinsing the oral cavity at least twice a day with

CHX 0.12 or similar agents. For the follicular sack collection, after



This strategy presents these advantages: 1) |owinvasive surgery with |ocal
anaesthesia; 2) low norbidity of the site; 3) high-clonogenic nesenchynal
culture, due to the absence of hematopoietic fraction; 20 4) isolation of
enbryonic cells from human adults. bt ai ni nNR of FENCs - the stem
cells obtained fromfollicular sack direcgly defive frommesenchymal cells
originated in the neural crests during organogenesis Their origin explains
their plastici | ate stem cel | romthe f i cul sack h
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conditions, the sample is Iinmmersed In a digestive solution 1 hour at
37C. A5 thECE/[‘%aQtficl’ébeAfﬂei&hlshQHé digéRivei BTty & §@Ippedahd thef téllehrd to
elimnate cell aggregates and 5 ECM particles. After this, the digestive
process i sclturppedimMegh Cealkblrhediane (SIGMK-dilaf] r]tdeaAmfﬂatnv&ﬂiy uthe
(SIGVA-M lan, Italy). Alternatively, the nmediumfor the enbryonic stem
cel I's (ES)medinnbefarsé¢he émbrpmuopsteabserlilsat(ESHs may denasedhavlicreseopd ng
fromthe first day of culture; it is possible to obtain a good nunber of
cel |'s, adhehsenvatianstavadense: that,cftarting Ebmslhs firsh sy 10 quiltneepitiigpessiblec| ones.
After 5 days in.a 75 m flask it is possible to count up_ to 60 cl ones.
At the 9- 110 ebipin afgead numbealofogells, adherant tocthe| kotiera efhthe Baglksd thet t he
FACsorting, col|ecting the cel I 3' ones positjve far stem nmarkers.
The i '8 at@yeOEs Qi %ﬁsem fetedayg inpe Pmﬁﬁ%# 1§ PosEibg toFOUNtHP
di fferent 63(%’ @) %g is possible to obtain proliferation w thout
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differenti FGF to the culture nedi um After the cells
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Amplification i mary c I'tures, ecessar
The isolated FENCs differentiate, with or without stimulation, in

15  different cytotypes. It is possible to obtain proliferation without differentiation
adding BFGF to the culture medium.
After the cells reached a suitable number, they may be frozen and stored
in liquid nitrogen at -80°C.
The procedure is summarized below:
20 1) Collection of the follicular sack in sterile conditions, digestion and
culture;
2) Amplification of primary cultures, if necessary;
3) FACsorting;
4) Amplification, freezing and/or cell differentiation;
25 5) FAcCanalysis;
6) Maintaining in an undifferentiated condition,;
7) Tissue engineering from differentiated cells.

All the cell types obtained from FENCs differentiation, can be used not



3) FACsorting; 4) Amlification, freezing and/or cell differentiation; 255)
FACanal ysis; 6) Maintaining in an undifferentiated condition; 7) Tissue
engineering fromdifferentiated cells. Al the cell types obtained from
FENCs differentiation, can be used not only in cell therapy but also to
build different tissues. For instange the FENC nay be used to obtain
ost eogeni ¢ precursors, expressing RUNX-2, from which derive osteobl asts

e ' LA- 1 4.  RUNX5 . | cin. BA id '
01 2051 sty L e TSI SR e gRaL o S7, ooteord i1 X
ded d ' i I j
expanded and CioRh SRRLYCHe AR e RLIRYT L P SRR BN 2
cont al ni g3l SAR) RBIXIAAroRCHhiH derPiBUESL RN ptelRy BLLRIY, T0adY: 1)

cluster forimmat that secrete wthin a central area 1 norgani ¢ crystals,

col | agen fRRM&E 28NC N SPHSe8EAISin.2) 3D organi zation of this structure
building a mneralized bone matri.x. Said LAB is fornmed by growi ng the

cell's gt 37C i mpBs@bit sidifikecalfe dOVABRL Hah s A @olbddusuBbhe e nagdilsenbeadded
with 20% p/v FBS, 100 M 2P-ascorbic acid, 2 mM L-glutam ne, 100 U nL

peni ci | | i pbtdifed dterh ckbectilastpt expanided andRriopmeaeived. LA B s madeafdemedue t o
a lack of nutrients. Said LAB may be produced continuously and the.
ost eoi d t itissue semplés havingd, thacknessiofimgret thanok tcevbhd st yobimel of gnorgt

t enperatures <OC, , using the common techniques of cell cryopreservation. A
3D mat ri x thamtlaami.dgABARRTMAYion) sontainingtastentdasts tharacgtyely produce bone

is characterized by: 1) cluster formation that secrete within a central area
10 inorganic crystals, collagen fibers and glycoproteins; 2) 3D organization of

this structure building a mineralized bone matrix.

| Said LAB is formed by growing the cells at 37°C in an atmosphere of

5% CO; using a-MEM culture medium, added with 20% p/v FBS, 100 uM

2P-ascorbic acid, 2 mM L-glufamine, 100 U/mL penicillin, 100 pg/mL
15 streptomycin. LAB formation is iny blocked due to a lack of nutrients.

Said LAB may be produced continuously and the osteoid tissue can be
stored, maintaining the osteoblasts at 4°C or at temperatures <0°C, using the
common techniques of cell cryopreservation. |

A 3D matrix containing LAB may also be obtained, in which

20 osteoblasts are grown in presence of a 3D biocompatible matrix, that is
colonized by cells. Said biocompatible matrix may be reabsorbable or not in
vivo: examples of suitable the matrices comprise lactide co-glycolic acid,
synthetic collagens, HA, biocorals, calcium sulphate, while those not
reabsorbable by polymethacrylates, PTFe, titanium, compact HA, HA.biphasic

25 (50% HA and 50% of B-TCP), ceramic.

According to a further embodiment of the invention, FENC may also be
differentiated to myoblasts, in order to obtain smooth rhusc]e cells using Mega

Cell culture medium with FBS p/v 2%, 100 uM 2P-ascorbic acid, 2 mM



20 osteobl asts are grown in presence of a 3D bioconpatible matrix, that is
col oni zed by cells. Said bioconpatible matri x nmay be reabsorbable or not in
vivo: exanples of suitable the matrices conprise |lactide co-glycolic acid,
synt hetic col | agens, HA, biocorals, calciumsul phate, while those not
reabsor babl e by pol ynethacryl ates, PTFe, fitanium conpact HA, HA biphasic
25 (50% HA and 50% of -TCP), ceramc. Accordi ng to a further

enbodi ment, of the invention . FENC I ffer ntiated .t bl ast's,
i n -order tIO'gi‘thH] Hess ﬁ@@t wwsc?@%gﬁf{s Wg‘g (I’ AT} L?flgggren%' with
FBS p/v 20/ ascorbic acid, 2 mvl L gl utam ne, 100 U niL
penicillin, fo %&8“@%@3@ streptonycin added with 10 ng/m TG-13. FENC

may al so be di FENENHa9t 4100 e defEféﬁtfaﬁoHVClgplvgﬁéritgl lﬁ{é‘/oﬁléi?sr ﬁmooﬁi%traio“

striated muscle, using“a co-culture wth myot ubes.

Co- cul tur 90Ht§m¢§fridt€8' ﬂﬁ%cl@s'd’sﬁlgﬁ at c%.OchﬁIrbOwﬁmr C-chl%’ uié ﬂﬁﬁéwﬁElb%Be
followi ng culture medium Dul becto's nodified Eagle s medi um (

I nvi tr ggendo-ciltube s Bdfrieddbit WThEe 1: ]105'aﬁb|-fo$0)dﬂ%7§ Risfiey RO folldwingd/ L
gl ucose and 1.0 nM sodi um pyruvate added with FBS 10% FENC may

al so be didulmrenhedivad Duolbecto's modifted Bagletntheglinral (DMEM, Idvittogeny, a
culture of 15-30 days in Neurobasal A (Invitrogen, Ml ano, Italy), added
with B27 prohet m§ bvghrtamers, MS| gil) sodium biddrboghfeal4. ﬁeg/lLs ghroamserveldr ons
obt ai ned by FENC differentiation may be sel ected by FACsorting using the
ant i - GFAP lafmMoshditoy pyruvate addedswithENRS d8§e.al so be differentiated into
adi pocytes, by culturing for 30 15 days in a-MEM added with 20%p/v PBS,
100 AM 2P- ascofiNCamay, also hg élfémpamerﬁiem Yéipo UPnEelHé‘ﬁFcﬁqq ghal £els.ag/ m_

o der 105" Gistis 3 gl Miefgéggef*@ﬁ iBoNERHRIISELIP, UmiGoERRCMEMT, HeT50" days
i MVE 0% / FB 0 AM 2P- bi d 2 m™™
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mrHg. Thﬁ“ﬂené’l?ﬂtéeqﬁ ﬁ’g ﬁ?u}ofﬂgtcﬁ)gﬁﬁl Q&I?EW d¥ffefe eg\lxglt:xﬂg l'glﬁglb f her apy

protocol s. ogous~ use o Cel | s

derived frautegy %‘%@?&hﬂ% H36S e ARt 1G¥eAP AniBWIY o BRb] Gt ONS:
FENC may also be differentiated into adipocytes, by culturing for 30
15 days in &-MEM, added with 20% p/v FBS, 100 pM 2P-ascorbic acid, 2 mM
L-glut.amine, 100 U/mL penicillin, 100 pg/mL streptomycin, 10° M
dexamethason.
Chondrocyte differentiation of FENC, in order to obtain cartilage, may
be obtained culturing FENC cells for 30 days using «-MEM, added with 20%
20 p/v FBS, 100 uM 2P-ascorbic acid, 2 mM L-glutamine, 100 U/mL penicillin,
100 pg/mL streptomycin reducing pO, < 40 mmHg.
The invention allows the autologous use of FENC in cell therapy
protocols.
In particular, the autologous use of FENC and cells derived from them
25 may be useful in the following applications:
- skeletric apparatus pathologies like bone defects by means of
FENC-derived-osteoblasts.

- muscular tissue degeneration, both of smooth and striated muscular



skel etric apparatus pathol ogies |ike bone defects by neans of
FENC- deri ved- ost eobl asts. nuscul ar tissue degeneration, both of snpboth and

striated muscular tissue, by neans of FENC-derived nyoblasts. - CNS
pat hol ogi es by neans of FENC-derived neurons. nmnyeline degeneration by
means of FENC-derived glial cells - in plgstic surgery, when the formation

of adi pous tissue is desired, by 5 neans of FENC-derived adi pocytes.

1'n oncol ogi cal .and pl ast. rgery fields, by means of FENC-derived

chondr ocytgtl=§§‘.‘e’ by m ﬁ&if&d\iﬁé‘g‘iré etde@?'ggfas"'lso rul e out cancerogenesis, FENCs
and differenti at cel henefram h 1.0].Qct lh nude mce, after:

i nfection 10 W'ﬁﬁ?é’%{‘%@?%ﬁ?q |?1%?P%§fﬁﬁif§@?r ‘Aeﬁ;"ﬁgl?mlll{'al ia), by neans of
a vector conprising: r oh & fter '
transpl antati oﬁ?ﬁ{l%leng;%éfcgﬁegﬁ\%{ {éy?rs)ﬁ%l%g\eﬁeqﬁ]gé: @%lw adyégg*ﬁb 1{séacri ficed.

i stol ogi cal obSRALORrERA Whkh I AT GNABHLAY Hikhe i@ALipay e main

organs, evidenced 'no cancer pnent. 1 ave been chal l engéd for

Mai N C3NCahedRf KEFENEdefifEd 8iJocis!l € anal ysis: all the cells were eupl oyd
wi th no cancer evidence. Sone exanples of FENCs applications are reported

bel ow. Exanpl e-lin dsologisal and plastiedsurgbiwifieldsadly meand by RENCeaddriveslt arti ng

fromthe week before the surgery, was 20 subjected to nouth rinsing

t r eat ment chiohlrddyted). 12 w v twice a day. For the follicular sack

collection, after |ocal anaesthesia, the flap was cut and a bone
Cancerogenesis_tests - To rule out cancerogenesis, FENCs and

differentiated cells therefrom have been injected in nude mice, after infection
10 with lentivirus III (Invitrogen, Milano, Italia), by means of a vector
comprising GFP (green fluorescence protein) cDNA. After transplantation, the
animals were followed for 30 days and sacrificed. Histological observations
both on the transplantation site and on the main organs, evidenced no cancer
dévelopmenf.
15 Cells have been challenged for main cancer ﬁarke;s and for cell cycle
analysis: all the cells were euployd with no cancer evidence.
Some examples of FENCs applications are .reported below.
Example 1. Cell isolation and culture
Each healthy patient, starting from the week before the surgery, was
20  subjected to mouth rinsing treatment with CHX 0.12 w/v twice a day. For the
follicular sack collection, after local anaesthesia, the flap was cut and a bone
~ door was opened to reach the impacted tooth, embraced by the follicular sack.
Once collected in sterile conditions with a Gracey curette or an alveolar
spoon, the sample was immersed in a digestive solution for 1 hour at 37°C.
25 The digestive solution was PBS (phosphate buffer solution pH 7,4 1M)
containing 3 mg/mL of collagenase type I, 4 mg/mL Dispase, 100 U/mL
penicillin, 100 pg/mL of streptomycin and 500 pg/mL clarytromicin. The

volume of the solution depended on the volume of the follicular sack



door was opened to reach the inpacted tooth, enbraced by the follicular
sack. Once collected in sterile conditions with a Gacey curette or an

al veol ar spoon, the sanple was inmmersed in a digestive solution for 1 hour
at 37C. 25 The digestive solution was PBS (phosphate buffer solution pH 7,4
1M containing 3 ng/nL of collagenase typg |, 4 ng/nL D spase, 100 U nL
penicillin, 100 lig/nL of streptonycin and 500 itg/mlL_, clarytromcin. The
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ti ssue fragnents were still prese stop t estion, a vol une

equal to tgnpil _e#eft@s."?ﬁé‘@?mgie Wi cﬁggﬁ'ﬁaia Rinvese3adpedsdue frigmehgesti ve
solution and centrifuged for 10" at 140 g. The cul ture nedi umwas Mega Cell

(SI GVAS Myére, still prédentadiie@top the HifesMon faoabalmb%qlme toefeaniff@BSIhe 100 AM
2P-ascorbic acid, 2 nM L-glutam ne, 100 U ni penicillin, 100 tig/nmL

st rept onyoiglumétoft the digdstiéh efere adtled ftaghe idigestivensdlindoh andorendfifuged t ube,
25 m of the suspension were collected and cultured in a 50 m flask at 37C
and 5% COfpr dRangild§ g.hEhe ghtturemediimnmwasMegaaColldRIGM A ddidai itally),
observations evidenced that, starting the first day of culture, adherent

cel | s gavaddedgwitht P%ewv dpetab dovime sprum 1173@)0\1@% 1Md2Braseadhierdcidit i on
15After 5 days of culture in the nmedi um descri bed above or. enbt(r%gni ¢ nedi um

(ES nedi urd M \lrghagw}e,moaw,/mhmrfiyiuiﬁ, 760 pedukstusptemysn: AMdReSder e
TS R R E T R T R
EDTA collected and cultured in a 50 ml flask at 37°C and 5% CO,, changing the
culture medium twice a week. Microscopical observations evidenced that,
starting the first day of culture, adherent cells gave origin to cell clones.
Example 2. Growth and characterization
15 After 5 days of culture in the medium described above or embryonié
medium (ES medium, Invitrogen, Milan, Italy) in 75 flasks up to 60 clones
were counted. ' .
At the 9°-10° day, after removing the surnatant and washing with sterile
PBS, cells were detached from the bottom of the flasks. 4 mL of EDTA
20 0,02%, dissolved in PBS Mg/Ca free, for 10’ at 37°C and a FACsorting was
performed, collecting the cell clones positive for stem markers. Cells were
pelletted (10° at 140 g), washed in BSA (Bovine Serum Albumin) 0.01% in
PBS at 4°C and incubated for 30’ at 4°C for staining with 10 ul stock solution
antibody. After iﬁcubation, cells were washed once with 1 ml of BSA 0.1% in
25 PBS, to remove not reactive or aspeciﬁé antibodies, and analyzed for
positivity to the following antibodies: SSEA-4, TRA 1-60, TRA 1-81, CD133,
CD90, flk-1 (Santa Cruz, CA, USA). The cells were positive for SSEA-4 in a
percentage of 70% and of 80% for TRA 1-60 and TRA 1-81. In i)articular



20 ,0,02% dissolved in PBS Mg/ Ca free, for 10' at 37C and a FACsorting was
perforimed, collecting the cell clones positive for stemmarkers. Cells were
pelletted (10" at 140 g), washed in BSA (Bovine Serum Al bumn) 0.01%in PBS
at 4C and incubated for 30" at 4C for staining with 10 /21 stock solution
anti body. After incubation, cel'ls were wgghed once with 1 nl of BSA 0.1%in
25 PBS, to renove not reactive or aspecific antibodies, and anal yzed for
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antigens confirnms the enbryonic nature of the cells ( ang ture

2003) . OChrdiffesdritiatéd XeWas ThOQesitiviay Ifos Ahé ?ﬂeﬁi@hbsantilgﬁgsmﬁ fRex|
anal ysis, after obtaining a suitable nunber of cells, was isol ated and

anal yzed vénbryShidRurd 6Fenglls ES)Hidhaag dtiusd 2008 ) YHET a4 positieity swasot h
nmuscl e and cartil age) FENCs, isolated e characterized as reported in
exanpl es 1109% in @Hnsadtdd eglntFiontNgnog ¢ Real amalysastafteriohsdiainga sugablean
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10 Example 3. Differentiation type a (bone, smooth muscle and
cartilage)

FENC:s, isolated e characterized as reported in examples 1 e 2, can
differentiate, with or without stimulation, or can proliferate restraining the
differentiation, adding 8 ng/mL BFGF to the culture ﬁedium. .

15 For the osteogenic differentiation, the cells can be cultured with
a-MEM, with FBS 20% w/v, _100 pM 2P-ascorbic acid, 2 mM L-glutamine,
100 U/mL penicillin, 100 pg/mL streptomycin. The cells differentiate in
osteoblasts in about 25 days, building woven bone (positive for antibodies
anti-collagen type I and III, osteocalcin, osteonectin, BAP).

20 For smooth muscle differentiation FENCs must be cultured with 2%
Mega Cell (SIGMA) FBS p/v, 2P-ascorbic acid 100 uM, L-glutamine 2 mM,
penicillin 100 U/mL, streptomycin 100 pg/mL adding 10 ng/ml TGFgS. In
these conditions cells differentiate in about 4-5 days and become positive for
SMA antibody-staining, marker of smooth muscle differentiation.

25 For cartilage differentiation, FENCs were‘cultured in a-MEM medium,
adding 20% -w/v FBS, 100 uM 2P-ascorbic acid, .2 mM L-glutamine,
100 U/mL penicillin, 100 pg/mL streptomycin reducing pO, < 40 mmHg and

cultured at 37°C with 5% of CO,. Cartilage building, thanks to the high cell



15For the osteogenic dlfferentlatlon the cells can be cultured with a- MVEM
with PBS 20% w v, 100 AM 2P-ascorbic acid, 2 nmv L- gl utam ne, 100 U/ nL
penicillin, 100 AginL streptomycin. The cells differentiate in osteobl asts
in about 25 days, building woven bone (positive for antibodies
anti-collagen type | and Il1l, osteocal cin, osteonectin, BAP). 20For snooth
muscle differentiation FENCs nust be cultured with 2@6N@ga Cell (SIGNA) FBS
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of CO2. Cartilage building, thanks to the high Cel 11 ¢oncentration
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Col | agenase Type |l expression. Exanple 4. Differentiation of type b

(neurons giflviglogeh, ddilas) Ifady). iThd @ultasd ivsascfollaivéd doeri-Tadayseiinhboth
spont aneously or using the 5 Neurobasal A nmedium (Invitrogen, MI an,
ltaly), addeds afgré@/mpmberondifferentintedenrsurdhd and glinhkylls Whseobtainedr & was
followed for 5-7 days. In both cases a %reat nunber of differentiated
neurons areytoflietimedtic aiseads usingaamanti-GFAR entibedy meay thenaleagdytaiselagt an
anti-GFAP antibody may then lead to select and isolate the two cytotypes.
Actual |y, Qlidflrsé}aéﬁfh%{%@l cytatyresadictualdy, ¢jffesentiated sellpare:positive for the
GFAP ant i body; neurons when positive fq e apti-TuJdl,
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can be achi eved by nea ure 2 muri ne nyotubes. The
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Eagle's antibodies.
15 Example 5. Differentiation of type c (striated muscle, adipocytes)

The differentiation of FENC into striated muscular cells can be
achieved by means of co-culture with C2C12 murine myotubes. The co-
‘culture was made using the percentage of 1:10, using known methods (e.g.
Laino’ et al., 2006), in a medium made as follows: Dulbecco's médiﬁed Eagle's
20 medium (DMEM, Invitrogen), added with 4 mM L-glutamine, 1.5 g/L sodium
bicarbonate, 4.5 g/L glucose, 1.0 mM sodium piruvate, and FBS 10% for a
week. After co-culture, the percentage of FENC fused within murine
myotubes was calculated by means of anti-human nuclear laminin. Usually,
the percentage of fusion was of about 15-20%. Fused myotubes can be used

25 for transplantation.
Adipocyte differentiation was obtained adding dexamethasone 10° M
for 30 days in the following culture medium: a-MEM, added with FBS 20%
p/v, 100 uM 2P-ascorbic acid, 2 mM L-glutamine 2 mM, 100 U/mL penicillin



20 medi um (DMEM Invitrogen), added with 4 mML-glutamne, 1.5 g/L sodium
bi carbonate, 4.5 g/L glucose, 1.0 nM sodi um piruvate, and FBS 10% for a
week. After co-culture, the percentage of FENC fused within rurine myotubes
was cal cul ated by neans of anti-human nuclear |lamnin. Usually, the

percent age of fusion was of about 15-20%]2Fused nyotubes can be used 25for
transpl antati on. Adi pocyte differentiation was obtai ned addi ng
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freshly, wWehipO | red-O Adipose cells can be used for plastic surgery.
Exanpl e 6. Tissue Engineering and clinical application FENC, once

di fferentiat ed,Ad&ipBsdEells E5h B@ﬁxséﬂ&’éﬂﬁla&ﬁ@@ﬁﬁg&gﬁti on al so by nmeans of
rotative cultures, in a Roller apparatus. Osteoblast differentiated cells,

for ingtance, (@mmpleéarRdueEdgiatedagcad mﬂchtab?ﬁciﬁbnscaffol ds (that
is reabsorbable within 15 days). Rotating cultures (1/5 sec.) are nmade in a

5% 10 CO2 i nculRENC, boce diffetantiatedncaen bhaistd dantssueofeconstmuctson elsolad, t he
3D tissue structure was observed and eval uated by neans of histol ogical,

i munohi stroesnsTof aiotatine SENMtesclini 4Raller appara@sndsteeblast diffetsatigiasy f or
def ect regeneration. I.f these cells can be obtained fromthe (Lsir(e'nt, a
scaffol d re}lshéomingtanced cametmatedron lactideccagdycalye &85_%49?&@93&2? that 30
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structure
t ranspl ant t may theh 'be Carried ou Ct integratio

achi eved iiﬁ}rﬁgﬁcﬁﬂs%ﬁmical antd §E1@Pﬁ%hﬁ?cﬁ%is.r can be achieved thanks to this
ec S.

aut ol ogous ni-que using stemce
Bone tissue can be used for defect regeneration. If these cells can be

obtained from the patient, a scaffold may be modelled and the 3D culture can
15 be made. After 20-30 days, the complex scaffold-cells is ready to be implanted
in the patient’s locus. |
Graft may be done using standard surgical techniques. Preparing the
locus for transplantation involves to create a conspicuous blood extravasation
and reduce the cortex layers. Therefore the scaffold-cells integration with host
20 may be made easier and the transplantation may then be carried out..
The perfect integration was achieved in 40-60 days.

Tissue repair can be achieved thanks to this autologous technique using

stem cells.
Terminology
25 Mega cell = culture medium for cells (Sigma-Aldrich, Milan, Italy)

ES = culture medium (Invitrogen, Milan, Italy)
BFGF = beta fibroblast growth factor
a-MEM = alpha Medium Essential Medium (Invitrogen)



Ter.m nol ogy 25Mega cell = culture mediumfor cells (Sigma-Adrich, MIan,
Italy) ES = culture nmedium (Invitrogen, Mlan, Italy) BFGF = beta
fibroblast growmh factor a- MEM = al pha Medi um Essenti al Medi um (I nvitrogen)
13 anti-GFAP = anti body directed against the glial fibrillar acid protein
GFAP = dial Fibrillar Acid Protein SVA 33Smooth Actin TGR(3 = Tunmor Growth
Factor 13 5BAP = Bone Al kal i ne Phosphatase f3FG- = Fi brobl ast Growth Factor

L R P P e PSS B PRI 856, RO R Bt arasibor Yo
1 = Transcript i(?ﬁAiJa—-CtﬁfaI%fibﬁﬁgf )&%51& f’r&%H S during the early devel opnent
SMA ='Smooth Actin |
TGFB = Tumor Growth Factor 8
5 BAP = Bone Alkaline Phosphatase
BFGF = Fibroblast Growth Factor
RT-PCR = Reverse Transcriptase Polymerase Chain Reaction
Nanog = Transcription factor of embryonic cells during the early
development
10 Rexl = Transcription factor of embryonic cells during the early
development
OCT;4 = QOctamer 4
SSEA-4 = Stage-specific embryonic antigen
TRA 1= Tumor rejection antigen-1
15 | CD = Cluster of differentiation
flk-1 = Foetal Liver Kinase -1
HA = hydroxyapatite

TCP = tricalcium phosphate



OCJ]-4 = Cctaner 4 SSEA-4 = Stage-specific enbryonic antigen | RA 1= Tunor

rejection
Ki nase -1
1. Met hods

antigen-1 15CD = Cluster of differentiation flk-1 = Foetal
HA = hydroxyapatite TCP = trical ci um phosphate 14 CLAI M5
for the isolation, expansion and storage of a popul ati on of

stemcel Il s bel onging to human dental folljgcles, called FENC

(Follicle
Collectio
pri-mary. c
FACsortin
carried o

10

15

-derived 5 Enbryonic Neural Crest stemcells) including: a)

Li ver

f follicular sack in sterile conditions, digestion and
rowm h and expansion; b) Optional anplification; c)

g. 10 2. Method according to claim11, in which the digestion
ut using

1. Methods for the isolation, expansion and storage of a popﬁ]ation of
stem cells belonging to humanldental follicles, called FENC (Follicle-derived
Embryonic Neural Crest stem cells) including:

a) Collection of the follicular sack in sterile conditions, digesﬁon and

primary culture growth and expansion;

b) Optional amplification;

c¢) FACsorting.
2. Method according to claim 1, in which the digestion is carried out using
proteolytic enzymes and antibodies.
3.  Method according to claim 2, in which the enzymatic digestion is
carried out by means of an aqueous solution containing: 3 mg/mL type 1
collagenase, 4 mg/mL dispase, 100 U/mL penicillin, 100 pg/mL streptomycin,
500 pg/mL clarytromicin in PBS.

4. Method according to claim 2 or 3, in which the enzymatic digestion is

20

25

carried out for 1 h at 37°C, under shaking.

5. Method according to any one of claims 1-4, in which primary culture
growth and expansion is obtained by means of culture media specific for stem
cells.

6. Method according to claim 5, in which the culture medium consists of
MEGA Cell, added of 10% p/v FBS, 2P-ascorbic acid 100 uM, L-glutamine 2
mM, penicillin 100 U/mL, streptomycin 100 pg/mL.

7. Method according to claims 5 or 6, in which the incubation is carried
out at 37°C and in an atmosphere of 5% CO, for 15-20 days, changing the
medium every 3 days.

8. Method according to any one of claims 1-7 in which FACsorting is
carried out using SSEA-4, TRA 1-60, TRA 1-81, CD133, CD90, flk-1 as stem cell

i's



prateol ytic enzynmes and antibodies. 3. Method according to claim2, in
whi ch the enzymatic digestion is carried out by neans of an aqueous
solution containing: 3 ng/nL type | collagenase,” 4 ng/ nL di spase, 100 U nL
penicillin, 100 1.1g/nm streptonmycin, 15 500 jig/nL clarytromcin in PBS.
4. Method according to claim2 or 3, in wkich the enzymatic digestion is
carried out for 1 h at 37C, under shaking. 5. Method according to any
one of claing 1-4, in which primary culture growh and expansion is

obt ai ned H?gﬁﬁﬁhs of culture media specific for stem20cells. 6. Method
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at nospher %@%oc}%&%u}&gs,#ﬁaggeﬂ ys, changing the mediumevery 3 days. 8.
rdi g

Met hod acco to any one of clainms 1-7 in which FACsorting is carried
out usisng 19SEATUe BRAske®8bnid Fhrebufkbrs, ChYiB3b1asRI Omybblersis, asheridtpiel] 15
mar kers. 9. Use of the FENC obtai nabl e by nmeans of fhe nethods of clainms 1-8
t o obt ai n adipEnges)i geyroasughal 2ellosfoe ahutoRigous prephdtions forousy oe \dedls,

adi pocytes, neurons, glial cells. 510. Use of osteogenic precursors,

ost eobl asttherapyolprasicels cloonthoclyeamenadofoskeletsic rappacates ghthwlogies| s f or
aut ol ogous preparations for use in cell therapy protocols for the treatnent
of skel et mhuscaypartassue plegeoemgions, GNS c phtholegiss,uempielyne e dagénerati@NS

pat hol ogi es, nyel i ne degeneration, oncol ogi cal diseases and in plastic
surgery. xmcological diseases and in plastic surgery. _
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